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the inlet injector of a gas chromatograph equipped with a mass selective detector. Compound identification was done using a Wiley library and confirmed by retention time of pure compounds in the gas chromatograph. Twenty-nine compounds were identified. Knowledge concerning volatiles of corn gluten meal may lead to improvement of flavor and taste, and increased utilization of this materiaL produced over I million metric tons per year in the United States. and 1.5% fat. Freeze-dried WC had 71.3% protein, 2.8% moisture, and 4.4% fat. Nitrogen was measured by the Kjeldahl method, and moisture was measured by weight loss after oven-drying at 130°C for I hr by Approved Methods (AACC 2000) . Fat was detennined by petroleum ether extraction (AOAC 1998).
Collection of Volatiles
A solid-phase microextraction (SPME) device (Supelco, Inc., Bellefonte, PAl with an 85-/lm polyacrylate coating was used. For collection of volatiles. 5 g of either CGM were placed in a 600-mL beaker. 50 mL of double distilled water. and a Teflon stir bar were added, and the beaker was covered tightly with four layers of aluminum foil. The mixture was allow'ed to equilibrate for I hr (25°C) or was placed on a hot plate where the material was allowed to boil. At this point. the SPME device was inserted through the aluminum foil and allowed to absorb volatiles for I hr. The absorbed compounds were desorbed at 250°C onto the inlet injector fitted with a 78.5 mm x 6.5 mm o.d. tapered wool-packed spitless injection sleeve for 0.5 min on a gas chromatograph (6890 Series II, Hewlett-Packard Co., Palo Alto, CAl equipped vvith an HP573 mass-selective detector. The column was an HP-5MS .capillary (30.0 m x 0.25 mm i.d.. 0.25 /lm film thickness). The carrier gas was helium maintained at 40 psi, and the temperature was initially held at 50°C for 10 min, after which the temperature ramping was increased at 5°C/min to a final temperature of 315°e. All mass spectra were acquired in the electron impact (EI) mode at 70 eV. The electron multiplier was set at 1,680V. Compound identification was done using a Wiley library and comparison to known standards.
RESULTS AND DISCUSSION

Variables
Because batch-to-batch variability exists in the corn wet-milling process, comparisons are made between flash-dried CGM, fresh We. and freeze-dried WC from the same batch. Headspace volatiles were analyzed at slurry temperatures of 25 and 100°C for comparison. Based on informal observation in the laboratory, WC at 25°C has a distinctive odor. while flash-dried CGM at 25°C has a slightly different odor. which some consider to have a burnt component.
Strong CGM off-odors are consistently generated when CGM is heated in water to 100°e. Larger molecular weight compounds would be more volatile at 100°C and more prevalent in the headspace. Additionally. there are some reports in the literature of larger molecular weight compounds displacing smaller similar compounds on SPME fibers (Pawliszyn 2000) . Selective absorption onto SPME fibers of volatiles from complex matrices has been reported as well (Pelusio et al 1995 : Niedziella et al 2000 . In general, the compounds present in as-is WC and freeze-dried WC were similar in Table 1 . Acetaldehyde, 1,4-butanediol and phenothiazine were present in as-is WC at lOODC but not detected in freeze-dried We. On the other hand, sulfur dioxide, E,E-2,4-decadienal, famesyl acetone, 9,17-octadecadienal, squalene, ergost-5-en-3-01, and stigmast-5-en-3-ol were detected in freeze-dried WC but not present in as-is WC. Compounds present in freezedried WC and in COM also were similar in general. Ethyl decanoate and geranyl acetone were detected in COM but not in freeze-dried We. On the other hand, sulfur dioxide, E,E-2,4-decadienal, 9,17-octadecadienal, squalene, ergost-5-en-3-01, and stigmast-5-en-3-01 were present in freeze-dried WC but not detected in COM. 1,3-Butanediol was the only compound that was present in COM, asis WC, and freeze-dried WC at both 25 and lOODC. Acetaldehyde and sulfur dioxide were found at lOODC but not at 25 D e. Possibly these compounds were being de novo formed at 100DC from the WC and were not present in the samples held at 25 D e. Table II lists the volatiles from WC and COM and the flavors as reported by various sources. It is not evident which flavors contribute significantly to the flavor or taste of COM. Biswas and
Constants
Sample concentration, sample volume, headspace volume, time of exposure to the fiber, and temperature were held constant in the analyses. Because of the variables listed above, we do not consider the results in Table I to be an exhaustive or quantitative assessment of COM volatiles.
Headspace analyses were conducted over 10% slurries of COM in water for a number of reasons. COM odor has been most pronounced when COM is in contact with water. Our samples included fresh WC that contained water. Previous taste testing of COM has been conducted on 2% slurries of COM in water. A polyacrylate coated fiber (PA) was selected for the SPME-OC-MS comparison of flash-dried COM and WC COM volatiles because it had better recovery of the COM headspace volatiles than a polydimethylsiloxane fiber. Table I lists the compounds identified in headspace volatiles of commercially flash-dried COM, commercially obtained COM We, and WC that had been dried by lyophylization. Compound retention times were consistent across the samples except in some cases of incompletely resolved peaks. As expected, a greater number of compounds are detected at 100 than at 25 D C and, in general, larger molecular weight compounds were detected in greater abundance at lOODC.
For this study, we include all compounds detected in any of the headspace volatiles as potential odorants in COM. The failure to detect certain compounds in certain headspace volatiles is tentatively ascribed to matrix effect of absorption on the fiber, or coelution with other components in OC, which makes identification by MS uncertain. Ethyl esters of fatty acids were especially prone to being obscured by large amounts of the corresponding acid. The detection of 9, 17-octadecadienal may have been obscured by octadecadienoic acid in several samples. Mass spectrometer parameters were set using automatic tuning, no further attempt on tuning was made to separate the compounds. Additionally, compounds with very low odor threshholds may be present in trace amounts below our detection limits, yet may make significant contribution to the COM aroma. Staff (2001) analyzed headspace compounds of distillers grains using SPME-GCIMS. Because both distillers grains and CGM have the same characteristic fermented flavor (Bookwalter et al 1984; Wu et al 1994) , it will be useful to compare the headspace volatile compounds that are present in both distillers grains and in CGM or We. Acetic acid, 2,3-butanediol, benzeneacetaldehyde, phenethyl alcohol, 2,3-dihydrobenzofuran, ethyl decanoate, and ethyl palmitate were present in both distillers grains and CGM (WC). These compounds contribute to sour, fruity, hawthorne, honey, grape, and waxy flavors to the overall flavor of CGM and WC (Table II) . For comparison, commercial degerminated com meal obtained by dry milling was subjected to SPME-GC-MS analysis and butyrolactone was the only compound identified in the headspace volatiles.
CONCLUSIONS
Analysis of headspace volatiles by SPME combined with GC-MS is a good way to determine the minor components in CGM that may be responsible for off flavor. About half of the volatiles were known to have various flavors. Further studies on headspace volatiles of CGM that have been treated to reduce off flavor may lead to a better understanding of the minor components that cause off flavor.
